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CLAIMS 

[Claim(s)] 

[Claim 1]ln a method of generating a picture, while pursuing a beam of light toward the 
direction of objective from a viewpoint and asking for objective luminosity, A ray-tracing 
method creating dynamically subtree which consists of an object projected on this small region 
for every small region of an image face using object definition data hierarchized by tree 
structure, and performing ray tracing using this subtree. 

[Claim 2]A ray-tracing method according to claim 1 rearranging dynamically into order with a 
near distance from a viewpoint bounding volume set as each node of subtree to a beam of 
light to pursue, and searching for subtree in order with this near distance. 
[Claim 3]Claim 1 omitting search of subtree in this small region when an object projected on a 
small region judges whether it is occupied by the same object and occupied by the same 
object, or a ray-tracing method given in 2. 

[Claim 4]About reflection and a refracted ray, **** or a cone which includes a large majority of a 
beam of light reflected and refracted from this small region is made for every small region, 
Claims 1 and 2 creating dynamically subtree which consists of an object contained in this 
pyramid or a cone, and performing ray tracing using this subtree, or a ray-tracing method given 
in 3. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1]lt is a principle figure of the ray-tracing method of this invention. 

[Draw ing 2] It is a process flow figure of one example of this invention. 

[Drawing 3]lt is a process flow figure of a continuation of this invention. 

[Drawing 4]lt is a figure showing division of an image face (screen). 

[Drawing fp is a figure showing the general example of the tree structure of object definition 

data. 

[Drawing 6]lt is a figure showing the project area of the bounding volume (BV) of object space, 

and the relation of intersection judging cost. 

[Drawing 7] It is a figure showing optimization of subtree. 

[Drawing 8]lt is an explanatory view of sorting of subtree. 

[ Drawin g 9] It is a figure showing the example of a test of the uniformity of a small region. 
[Drawing 10] It is a figure showing the example of a test of the uniformity of a small region 
similarly. 

[Drawing 1 1]lt is an explanatory view of paraxial light flux. 

[Drawing 12] It is a figure showing the example of composition of the bounding volume (PBV) of 
light flux. 

[Drawing 1 3] It is a figure showing the example of improvement of PBV. 

[Drawing 14]lt is an example of image generation. 

[Drawing 15] It is an example of image generation. 

[Drawing 16]lt is an example of image generation. 

[Drawing 17]lt is an example of image generation. 

[Drawing 18] It is an example of image generation. 

[Description of Notations] 

1 Viewpoint (eyes) 
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2 Image face (screen) 
2' Small region 

3 Object body space 

4 Beam of light 
4' Reflected ray 

BV Bounding volume 
P Object (primitive) 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention starts the field of the image generation by the ray-tracing 
method, and relates to the high speed processing method of the ray tracing method in detail. 
[0002] 

[Description of the Prior Art]lf the image generation method by the ray-tracing method pursues 
a beam of light toward the direction of objective from a viewpoint and a beam of light intersects 
an object, it will be the technique of projecting on an image face (screen) in quest of the 
luminosity of the object in the point, and generating a picture, but the problem is that 
calculation takes most time. The greater part of this computation time is spent on the 
intersection judging of a beam of light and an object. Therefore, the proposal of the data 
structure and algorithm which aimed at reduction of the number of times of an intersection 
judging is performed. 

[0003]There is essence of improvement in the speed of a ray-tracing algorithm in asking for the 
object projected on the pixel efficiently from each pixel of an image face, if it attaches. Various 
high speed techniques have been proposed from before for the purpose of it. If the 
conventional technique is classified, it will roughly be divided into use of the formation of** 
data hierarchy, and Boundind Volume (BV), and use of **Ray coherency. 
[0004]The method of aiming at reduction of the number of times of an intersection judging by 
hierarchization of object definition data and use of BV is known well. The hierarchization using 
Octree or a ConstructiveSolid Geometry (CSG) model is the example. Necessity is accepted to 
each node of the tree hierarchized in these models in BV which includes all object RIMITIBU of 
the leaf node which serves as posterity of the node, and it is setting-out ****. The number of 
times of intersection calculation is substantially reducible by performing an intersection judging 
to these BV(s). Based on the fact "the number of the beams of light which intersect an object, 
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so that volume of BV is made small decreases", examination which calculates efficiently BV to 
which volume becomes as small as possible is performed. 

[0005]On the other hand, Arvo and others classifies a beam of light according to a viewpoint 
and a direction, and the grouping of the similar beam of light is carried out, By asking for the 
candidate of the object which carries out an intersection judging by asking for the candidate of 
the object which intersects those beams of light. The number of candidates of the object which 
carries out an intersection judging. The technique to reduce is proposed (Arvo J., Kirk D.: "Fast 
Ray Tracing by ray Classification", Comput.Graphics, Vol.21. No.4, pp. 55-64, Jul. 1987). Since 
this method can perform judgment of candidate objects efficiently, its high speed effect of the 
ray tracing method is large. 
[0006] 

[Problem(s) to be Solved by the lnvention]Although any method of the above of the high speed 
effect is large, it is necessary to realize still more nearly high-speed processing. Since the 
conventional technique was performing ray tracing, using the hierarchized tree structure as it 
is, it needs intersection judging calculation of the wooden depth at least, and had become a 
narrow path of this computational complexity reduction. 

[0007]ln the method of generating a picture, the purpose of this invention has the high speed 
effect in providing the very high ray-tracing method, pursuing a beam of light and asking for 
objective luminosity. 
[0008] 

[Means for Solving the ProblemjTo achieve the above objects, in a method of generating a 
picture, while claim 1 pursues a beam of light toward the direction of objective from a viewpoint 
and asking for objective luminosity, Subtree which consists of an object projected on this small 
region is dynamically created for every small region of an image face using object definition 
data hierarchized by tree structure, and ray tracing is performed using this subtree. 
[0009]An invention of claim 2 rearranges dynamically into order with a near distance from a 
viewpoint bounding volume set as each node of subtree to a beam of light to pursue, and 
searches for subtree in order with this near distance. 

[0010]An invention of claim 3 omits search of subtree in this small region, when an object 
projected on a small region judges whether it is occupied by the same object and occupied by 
the same object. 

[001 1]About reflection and a refracted ray, an invention of claim 4 makes **** or a cone which 
includes a large majority of a beam of light reflected and refracted from this small region for 
every small region, creates dynamically subtree which consists of an object contained in this 
pyramid or a cone, and performs ray tracing using this subtree. 
[0012] 

[FunctionJIn this invention, by making subtree from the object definition data of the given tree 
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structure dynamically, and making the wooden depth shallow, the number of objects projected 
on the small region of an image face (screen) decreases, and can reduce the number of times 
of an intersection judging. By adding the uniformity test of the object in sorting by the distance 
from the viewpoint in each node level of subtree, and a small region, narrowing down of the 
candidate objects which intersect a beam of light can be performed very efficiently, and high 
speed processing becomes possible further. About reflection and the refracted light, not only a 
primary beam of light but the picture of ray tracing by reflection and the refracted light is 
simultaneously generated by making subtree further for every small region, and performing ray 
tracing using this subtree. 
[0013] 

[ExamplejHereafter, a drawing explains one example of this invention. 
[0014]Drawing 1 (a) shows the principle figure of the ray-tracing method of this invention. As 
for eyes (viewpoint) and 2, in drawing 1 , object space and 4 are beams of light an image face 
(screen) and 3 1 . Many objects (primitive) Pi are on the object space 3 for image generation. 
This object space 3 is divided hierarchical until the primitive contained in each subspace will be 
one piece, the bounding volume (BV) which includes all the primitives included in that space is 
made to each subspace, and objective definition data is hierarchized. The layered structure of 
the object definition data corresponding to the object space 3 of drawing 1 (a) is shown in 
drawing 1 (b). Here, a round mark is a node, the node BVi corresponding to bounding volume 
(BV) expresses the coordinates of the BV concerned, etc., and the node Pi corresponding to 
an object (primitive) expresses the equation of the object concerned, a surface attribute, a 
center position, etc. Hierarchization of this object definition data is mentioned later. 
[0015]ln this invention, the image face (screen) 2 is divided into much small region 2', an 
intersection judging is performed for every small region with reference to the layered structure 
of the object definition data given beforehand, and the subtree which consists of an object 
projected on this small region is created dynamically. And ray tracing is performed using this 
subtree, and it asks for the luminosity of the object projected on this small region for every 
small region, and plots to the image face 2 (rendering). If there is reflected ray (refracted ray) 4' 
at this time, the subtree to it is also generated dynamically, this subtree will be used, ray 
tracing will be performed further, and the picture of a reflective (refraction) object will also be 
plotted in piles to an applicable small region. The above processing is repeated and carried out 
about each small region. 

[001 6]The flow chart of one example of the image generation processing by the ray-tracing 
method of this invention is shown in drawing 2 and d r awing 3, and the explanatory view which 
divides an image face (screen) into a small region is shown in drawing 4. 
[0017]Drawing 2 is processing until it performs a beam of light, BV, or the intersection judging 
with an object (primitive) to every [ of the image face 2 ] small region 2' and creates the 
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subtree to this small region using the object definition data hierarchized by the tree structure. 
Suppose horizontally that processing is carried out to the right and a perpendicular direction in 
lower order from a top from the left about each small region of the image face 2 in this 
example. Drawing 4 is a portion which performs ray tracing using the created subtree (pursuit 
of the reflective refracted light is also performed), and performs the primitive rendering 
projected on it about one small region. This rendering is repeated about each small region, and 
is performed. 

[0018]Processing of drawing 2 and drawing 3 is carried out on a computer actually [ all ]. 
Below, the main processings are explained in full detail. 

[0019]There are uniform division and un-uniform division as a split plot experiment of the 
hierarchization space of object definition data . Although which is chosen should synthesize 
and opt for the cost which makes a data structure, and the cost of ray tracing, since it is 
generally dependent on data, right and wrong cannot generally be said. Here, the latter 
division is considered. The latter division serves as a tree structure. Space is specifically 
divided into k subspaces and an object (primitive) is divided into each subspace. When a 
primitive straddles subspace, it puts into one of subspaces. For example, volume is put into the 
subspace shared most greatly. A rate is recursively continued at this rate until the primitive 
which each subspace contains will be one piece. If division finishes, the bounding volume (BV) 
which includes all the primitives included in the space will be made to each subspace. The 
data structure of k **** is made by this division. It is necessary to determine the value of k. 
[0020]lf the tree balances, it can decide as follows. Suppose that it hierarchized by k **** now 
as it **(ed) to drawing 5. BV is set to each intermediate node of this tree. If ray tracing is 
carried out using this tree, BV and the intersection judging which were set as all the child 
nodes of a root node will be first performed to each beam of light. Subsequently, one node is 
chosen by a certain method among these nodes, and an intersection judging is performed to 
all those child nodes. The number of times N of an intersection judging to the beam of light if 
an intersection judging progresses without backtracking to a leaf node [Equation 1] 

N = k • log k n 

It becomes. Here, n is a primitive number. 

[0021]k which minimizes N when n is fixed is k=e (base of a natural logarithm). Since k is an 
integer, k= 3 gives the minimum of N actually. Subsequently, it is set to k= 2 and 4. 2 and 4 
give the same value. Therefore, it is effective to consider it as a ternary tree or 2 (4) ********. 
That is, backtracking does not have **, or if a node selection method with very little generating 
is given, three hierarchization are and according to 2 (4) **** will become advantageous. 
Below, compatibility with other high speed techniques is considered, and a binary tree is used. 
Drawing 1 (b) is an easy example of a binary tree. 
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[0022]Although it is desirable to set up so that volume may become small as much as possible 
as for the shape of BV, and the intersec tion judging BV, setting out in consideration of 
intersection judging cost must be carried out. The tree structure by which BV was set as each 
node as shown in drawing 6 (a) now is considered, and suppose that the projection to the 
image face (screen) became drawing 6 (b). Here, a project area is expressed with Si. If a 
beam of light strikes upon the node n1 , the intersection judging with BV of the child node will 
be performed. Therefore, the time T which the intersection judging with the child node takes 
under the conditions that the beam of light struck upon n1 is the whole screen, [Equation 2] 

T=2C 1 S 1 

It becomes. Here, C 1 is intersection judging cost with BV set as n1 . 

[0023]lf there is no backtracking, this formula will be materialized to each node of the tree to 
search. In this case, if intersection judging cost is low even if it uses simple-shaped BV from 
this formula, total computation time may decrease. (Computation time is the same, if cost is a 
half even if a project area doubles.) Below, the rectangular parallelepiped in alignment with an 
axis (world coordinate) is used as BV. 

[0024]Carrying out ray tracing using the tree first given to each pixel of a dynamic subtree 
image face (screen) has much futility. It is because the primitive number projected on the small 
region of an image face is restricted. Then, subtree is dynamically made from the given tree for 
every small region, and it is possible in a small region to carry out ray tracing using subtree. 
Here, a primary beam of light (beam of light pursued from a viewpoint) is described. As a small 
region, if square regions or a rectangle region is taken, subtree will be made from the primitive 
which goes into the pyramid made from a viewpoint and the point of four corners of a field, or 
intersects a pyramid (the bunch of the beam of light in this pyramid is called light flux). If this 
production cost is high, it is disadvantageous, but the next consideration shows actually that it 
is low. 

[0025](b) Although a pyramid creation pyramid comprises four flat surfaces, it is not necessary 
to search for these flat surfaces for every small region. In the pyramid to the small region 
horizontally located in a line on the image face, a horizontal field (the 2nd page of the upper 
and lower sides are) turns into the flat surface common to any pyramid, and same (for 
example, HF Q , HF^ etc. of drawing 4). In the small region perpendicularly located in a line, the 

same relation is materialized to a vertical field (VF 0> VF^ etc. of drawing 4). An adjoining field 

is sharable. By using half space of a plane normal line direction as the outside, and making an 
opposite hand into the inside can prescribe the inside of a pyramid to a meaning. Therefore, in 
the size of an image face, if the size of nxn and a small region is made into mxm, the number 
of required flat surfaces will be set to 2 (n/m+1) on the whole. 

[0026](**) Give four flags to each node of a dynamic subtree creation tree. It is shown whether 
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each flag corresponds to the field of a pyramid and there is any BV or primitive corresponding 
to a node inside a field, there is outside, or it crosses. [ any ] The flag of each node is set up for 
the first time from the wooden root node. This can be found in the intersection judging of 
drawing 2. this time - the inside of the field in a certain node - or if it becomes outside, flag 
setting out to the field concerned below that child node will become unnecessary. This is clear 
from the character which BV has. 

[0027]lf image generation is subsequently performed in order of a horizontal small region in a 
small region, the flag to the level surface can be used in common to all the small regions 
horizontally located in a line. The flag setting out to vertical confrontation can exclude an 
unnecessary inside-and-outside judging by referring to the flag to the level surface. Drawing 2 
shows such processing. Subtree is constituted referring to these flags. That is, the subtree 
which consists only of BV and the primitive which intersect a pyramid or are contained in a 
pyramid is constituted. The optimization shown in drawing 7 is also performed at this time. 
Since the effect of **** works so that clearly from how to make, a subtree production cost can 
be held down low. The subtree creating method described here is applicable similarly to a 
secondary beam of light (reflection and refracted light). 

[0028]The primitive near [ sorting ] a viewpoint is projected on an image face, and even if BV 
which includes the primitive compares with BV which includes other primitives, it performs 
sorting by the distance from a viewpoint on each level of subtree based on the fact that it is 
closer to a viewpoint in many cases. That is, a child node will be rearranged into order with a 
near distance from a viewpoint, if BV and the beam of light of a certain node will cross and it 
will be necessary to perform an intersection judging to the child node. This is performed for 
every beam of light. 

[0029]lf each wooden level has performed sorting when performing tree search of depth 
direction priority, As shown in drawing 8, when the distance from the primitive viewpoint 
acquired by searching below for a certain child node is nearer than the distance from the 
viewpoint of BV set as the following child node, the search below the child node becomes 
unnecessary. Thus, **** using sorting is made. 

[0030]lf a binary tree is used, sorting of a child node requires only one comparison, and is very 
efficient. There is a reason for having used the binary tree here. 

[0031]What is necessary is just to perform that primitive rendering in this field, if it turns out by 
a certain method that the inside of the uniformi ty test small region in a small region is the same 
primitive projection image. The effect which means that it becomes unnecessary in a field 
looking this for a tree, and is given to improvement in the speed is large. It is required that this 
test should be as simple as possible. 

[0032]Here, the easy following testing methods are performed. Ray tracing is carried out to the 
point of four corners of a small region. Sorting is carried out with the beam of light which 
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pursued subtree to the 4th in this stage. Now, suppose that the primitive of the point of four 
corners was the same. It is set to P. What is necessary is just to investigate that other 
primitives cannot be found from the primitive P in a small region at the place near a viewpoint 
at this time. Subtree is searched by Left-most Depth-First, and the primitive Q is found. Q is at 
a wooden leftmost end. The method of wooden composition to Q is closer to a viewpoint than 
P. If P and Q are not the same, this field will presuppose that it is not uniform. P and Q 
presuppose that it was the same. The younger brother node of P is investigated at this time. A 
younger brother node is in a primitive or the paddle gap to which BV is set. It is set to R. R 
investigates whether the beam of light pursued to the 4th is intersected. This should just see a 
flag. If it crosses, the inside of a field is uniform. Otherwise, suppose that it is not uniform. 
[0033]Although the judgment that this test is certainly uniform when uniform in a field is not 
given, it is judged with the inside of a field being uniform, and solves, and it is guaranteed that 
other primitives cannot be found before the primitive P. The example is shown in drawing 9 
and drawing 10. Although drawing 9 (example in which it judges that a) is not uniform, and said 
(b) is originally uniform, it is an example judge that is not uniform. It is an example judge that is 
[ dr awing 10 ] uniform. In the case of drawing 10 , there is no another primitive in a primitive 
front face, but since the portion which is not primitive is in a small region, it will pursue using 
subtree to the portion. When there is no PURIMIDIBU in four comers, conditions no primitive to 
be into a field are that subtree is empty. 

[0034]When the inside of a field is not uniform, a field is divided into two and a uniformity test is 
done. In the range which is not less than a threshold, area size repeats this recursively. 
[0035]The light flux which passes through the rectangular area of the pur suit screen of 
reflection and a refracted-light bunch can be expressed with a truncated pyramid, and can 
apply the technique described so far. However, it is difficult to describe correctly general 
reflection and refracted-light bunch. Here, ** reflection and a refracted-light bunch are 
approximated, and it asks for the bounding volume (hereafter referred to as PBV) of the 
approximate light flux containing it. 
** To approximate PBV, ask for subtree and test uniformity. 

** When it is contained in approximation PBV calculated by ** to each reflection and refracted 
ray, or no is investigated and it is contained, use the result obtained by **. 
An approach to say is taken. Becoming a problem here is the point how to calculate 
approximation PBV. 

[0036]When **** of light flux is small, Paraxial approximation as approximation of reflection and 
refraction. The effective thing is known (Shinya.). M. - Takahashi T., Naito S.: "Principesand 
Applications of Pencil Tracing", Comput.Graphics, Vol.21, No.4, pp.45-54, and Jul. 1987. Then, 
approximation PBV will be calculated using paraxial approximation. 

[0037]According to paraxial theory, the paraxial light flux which emitted one point (for example, 
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viewpoint) has the two focal lines, and the direction of the focal line intersects perpendicularly. 
That is, paraxial light flux is described as a field surrounded by the group of two flat surfaces 
which has a nodal line which intersects perpendicularly mutually, as shown in drawing 1 1 . 
Therefore, it is rational to use this field as approximation of light flux. However, not ideal 
approximation light flux but many beams of light will protrude actual light flux outside the field 
of approximation light flux (dr a w i n g 12 (a)). Then, it considers calculating PBV of 
approximation light flux based on the beam of light of four corners of light flux. Although a 
majority of this way of asking exists, easy methods include the technique of making the biggest 
angle ****** of PBV among the deflection angles of the beam of light of four corners. In the two- 
dimensional example shown in draw in g 12 (a), since it is |theta1|>|theta2|, PBV like drawi ng 12 
(b) is obtained. Specifically, approximation beam-of-light PBV is calculated in the following 
procedures. 

[0038]** Ask for reflection and the refracted ray i of the beam of light corresponding to four 
corners of a screen small region from a Snell rule. 

** Take the average of four obtained beams of light, and consider it as an axial beam of light. 
** Calculate suitable beam-of-light coordinates x-y-z which sets z-axis as an axial beam of 
light. However, the starting point is taken so that the thing of most this side may be set to z= 0 
among the starting points of four beams of light. 

** Change the starting point and the direction of four beams of light into a beam-of-light 

coordinate system, and ask for intersection r.= (r ., r .) with the field of z= 0, and direction S.= 

i v xi yr i 

(S. x , S. y ) = (dx/dz) (., . (dy/dz)). 

** r =max (r .), r . =min (r .), r =max (r .), r . =min (r .) and s =max (Is .|), and 
xmax v xr xmin v xr ymax v yr ymin v yi 7 xmax u xr 

s =max (|s .|) are calculated. 

ymax Vl yr 

** Four flat surfaces to search for are given with a following formula. 
[Equation 3] 

x-s xmax *Z=r xniax 
*+s xmax *Z=r xmla 

Although how to take x and the y-axis is arbitrary, it is efficient to take in accordance with the 
direction of the focal line. 

[0039]This approximation PBV creating method is the simplest, and can consider various 
modification. The following can be considered as the example. 

** It is possible not only the beam of light of four corners but to ask for reflection and the 
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refracted ray of the beam of light corresponding to all the pixels, and to bound these by the 
same technique. It is guaranteed that all the beams of light which should be pursued by this 
are contained in PBV. 

** In this PBV, when converging after light flux's reflecting, include useless space (drawing 13 
(a)). Therefore, it bounds by two Kon bunch light bunches as shown in drawing 1 3 (b) about 
convergence luminous flux. 

[0040]lf a small region is uniform, subtree is made from a point of four corners by PBV which 

expects a light source, and a shadow is tested. If it is a parallel ray, PBV serves as a square 

pillar. Since it is not dependent on a place and the **** vector of each field which constitutes a 

square pillar becomes anywhere fixed, the cost which makes a square pillar is small. 

[0041]Next, the following algorithms are prepared and the high speed effect of this invention is 

shown. The algorithm of A is premised on use of a binary tree structure below. 

A1 : Only BV is used. 

A2 : BV and sorting are used. 

A2': Use subtree and BV. 

A3 : subtree, BV, and sorting are used. 

A4 : all are used. (A3+1 Mr. nature test) 

The technique of Arvo is used as a comparative object. 

B1 : Algorithm of Arvo [0042]The example of the effect of improvement in the speed is shown 
about the following five kinds of data. 

1 ) Arrange the ball of a fixed radius in in space regularly. The ball of two kinds of radii is 
prepared. (Two kinds) 

2) Arrange at random the ball which has a random radius in space. (One kind) 

3) One piece and eight teapots (two kinds) 

[0043]The example of image generation is shown in drawing 14 thru/or drawing 18. The pixel 
number of the generated picture is 512x512. The small region is based on the size of 8x8. 
Drawing 14 thru/or the primitive total of drawing 16 are 512, and it of drawing 17 and draw ing 
18 is 522-4416, respectively. BV is using the rectangular parallelepiped in alignment with an 
axis. 

[0044]lmage generation time and the number of times of an intersection judging are shown in 
Table 1 and Table 2. 
[Table 1] 
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[0045]This result shows the high speed effect of the algorithm of this invention as follows. 
In (a) , algorithm A4 generates a picture most any data for a short time. Even if it compares B1 
with A3, there is less image generation time of A3 than B1. 

(b) The effect which subtree contributes to improvement in the speed from comparison of A1 
and A2' is very high. This is an effect acquired from the intersection decision circuits of A2' 
decreasing in number remarkably, as shown in Table 2. 

(c) Depend for the effect of the uniformity test of a field on a primitive size. Like drawing 15, 
even when there are few uniformity fields, there is the high speed effect. 

(d) In A2, as it turns out that BV is compared with a primitive intersection decision circuit, there 
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is very little backtracking at the time of tree search, and by using sorting shows things. 
[0046] 

[Effect of the lnvention]As explained above, in the invention of claim 1, by making ****** from 
the object definition data of the given tree structure dynamically, and making the wooden depth 
shallow, the number of objects projected on the small region of an image face (screen) 
decreases, and can reduce the number of times of an intersection judging. 
[0047]ln the invention of claims 2 and 3, by adding the uniformity test of the object in sorting 
and a small region with the distance from the viewpoint in each node level of subtree, 
narrowing down of the candidate objects which intersect a beam of light can be performed very 
efficiently, and high speed processing becomes possible further. 

[0048] In the invention of claim 4, not only a primary beam of light but the picture of ray tracing 
by reflection and the refracted light is simultaneously generated about reflection and the 
refracted light by making subtree further for every small region, and performing ray tracing 
using this subtree. 



[Translation done.] 
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[Drawing 6] 
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[Drawing 1] 

(a) 
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[Drawing 8] 
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L Searching descendants of node nl , get a primitive P 
closest to eye. Distance is tl. 

2. Distance between BV set at n2 and eye is t2. 

3. If tl<t2, it isn't necessary to search descendants of n2. 



[Drawing 18] 
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[Drawing 11] 
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(b) 

[Drawing 3] 
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[Drawing 10] 
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[Dr a win g 14] 
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[Drawing 1 5] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EFFECT OF THE INVENTION 

[Effect of the lnvention]As explained above, in the invention of claim 1, by making ****** from 
the object definition data of the given tree structure dynamically, and making the wooden depth 
shallow, the number of objects projected on the small region of an image face (screen) 
decreases, and can reduce the number of times of an intersection judging. 
[0047]ln the invention of claims 2 and 3, by adding the uniformity test of the object in sorting 
and a small region with the distance from the viewpoint in each node level of subtree, 
narrowing down of the candidate objects which intersect a beam of light can be performed very 
efficiently, and high speed processing becomes possible further. 

[0048]ln the invention of claim 4, not only a primary beam of light but the picture of ray tracing 
by reflection and the refracted light is simultaneously generated about reflection and the 
refracted light by making subtree further for every small region, and performing ray tracing 
using this subtree. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 

[ExampleJHereafter, a drawing explains one example of this invention. 
[00 14] Drawing 1 (a) shows the principle figure of the ray-tracing method of this invention. As 
for eyes (viewpoint) and 2, in drawing 1 , object space and 4 are beams of light an image face 
(screen) and 3 1. Many objects (primitive) Pi are on the object space 3 for image generation. 
This object space 3 is divided hierarchical until the primitive contained in each subspace will be 
one piece, the bounding volume (BV) which includes all the primitives included in that space is 
made to each subspace, and objective definition data is hierarchized. The layered structure of 
the object definition data corresponding to the object space 3 of drawing 1 (a) is shown in 
drawing 1 (b). Here, a round mark is a node, the node BVi corresponding to bounding volume 
(BV) expresses the coordinates of the BV concerned, etc., and the node Pi corresponding to 
an object (primitive) expresses the equation of the object concerned, a surface attribute, a 
center position, etc. Hierarchization of this object definition data is mentioned later. 
[0015]ln this invention, the image face (screen) 2 is divided into much small region 2', an 
intersection judging is performed for every small region with reference to the layered structure 
of the object definition data given beforehand, and the subtree which consists of an object 
projected on this small region is created dynamically. And ray tracing is performed using this 
subtree, and it asks for the luminosity of the object projected on this small region for every 
small region, and plots to the image face 2 (rendering). If there is reflected ray (refracted ray) 4' 
at this time, the subtree to it is also generated dynamically, this subtree will be used, ray 
tracing will be performed further, and the picture of a reflective (refraction) object will also be 
plotted in piles to an applicable small region. The above processing is repeated and carried out 
about each small region. 

[001 6]The flow chart of one example of the image generation processing by the ray-tracing 
method of this invention is shown in drawing 2 and draw in g 3, and the explanatory view which 
divides an image face (screen) into a small region is shown in drawing 4. 
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[0017]Drawing 2 is processing until it performs a beam of light, BV, or the intersection judging 
with an object (primitive) to every [ of the image face 2 ] small region 2' and creates the 
subtree to this small region using the object definition data hierarchized by the tree structure. 
Suppose horizontally that processing is carried out to the right and a perpendicular direction in 
lower order from a top from the left about each small region of the image face 2 in this 
example. Drawing 4 is a portion which performs ray tracing using the created subtree (pursuit 
of the reflective refracted light is also performed), and performs the primitive rendering 
projected on it about one small region. This rendering is repeated about each small region, and 
is performed. 

[0018]Processing of drawing 2 and drawing 3 is carried out on a computer actually [ all ]. 
Below, the main processings are explained in full detail. 

[0019]There are uniform division and un-uniform division as a split plot experiment of the 
hi erarchiz a tion spac e of object defi nition data . Although which is chosen should synthesize 
and opt for the cost which makes a data structure, and the cost of ray tracing, since it is 
generally dependent on data, right and wrong cannot generally be said. Here, the latter 
division is considered. The latter division serves as a tree structure. Space is specifically 
divided into k subspaces and an object (primitive) is divided into each subspace. When a 
primitive straddles subspace, it puts into one of subspaces. For example, volume is put into the 
subspace shared most greatly. A rate is recursively continued at this rate until the primitive 
which each subspace contains will be one piece. If division finishes, the bounding volume (BV) 
which includes all the primitives included in the space will be made to each subspace. The 
data structure of k **** is made by this division. It is necessary to determine the value of k. 
[0020]lf the tree balances, it can decide as follows. Suppose that it hierarchized by k **** now 
as it **(ed) to drawing 5. BV is set to each intermediate node of this tree. If ray tracing is 
carried out using this tree, BV and the intersection judging which were set as all the child 
nodes of a root node will be first performed to each beam of light. Subsequently, one node is 
chosen by a certain method among these nodes, and an intersection judging is performed to 
all those child nodes. The number of times N of an intersection judging to the beam of light if 
an intersection judging progresses without backtracking to a leaf node [Equation 1] 

N=k • log k n 

It becomes. Here, n is a primitive number. 

[0021]k which minimizes N when n is fixed is k=e (base of a natural logarithm). Since k is an 
integer, k= 3 gives the minimum of N actually. Subsequently, it is set to k= 2 and 4. 2 and 4 
give the same value. Therefore, it is effective to consider it as a ternary tree or 2 (4) ********. 
That is, backtracking does not have **, or if a node selection method with very little generating 
is given, three hierarchization are and according to 2 (4) **** will become advantageous. 
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Below, compatibility with other high speed techniques is considered, and a binary tree is used. 
Drawing 1 (b) is an easy example of a binary tree. 

[0022]Although it is desirable to set up so that volume may become small as much as possible 
as for the shape of BV, and the inte rs ection judging BV, setting out in consideration of 
intersection judging cost must be carried out. The tree structure by which BV was set as each 
node as shown in d raw in g 6 (a) now is considered, and suppose that the projection to the 
image face (screen) became drawi ng 6 (b). Here, a project area is expressed with Si. If a 
beam of light strikes upon the node n1 , the intersection judging with BV of the child node will 
be performed. Therefore, the time T which the intersection judging with the child node takes 
under the conditions that the beam of light struck upon n1 is the whole screen, [Equation 2] 

T=2C 1 S 1 

It becomes. Here, C 1 is intersection judging cost with BV set as n1 . 
[0023]lf there is no backtracking, this formula will be materialized to each node of the tree to 
search. In this case, if intersection judging cost is low even if it uses simple-shaped BV from 
this formula, total computation time may decrease. (Computation time is the same, if cost is a 
half even if a project area doubles.) Below, the rectangular parallelepiped in alignment with an 
axis (world coordinate) is used as BV. 

[0024]Carrying out ray tracing using the tree first given to each pixel of a dynamic subtree 
image face (screen) has much futility. It is because the primitive number projected on the small 
region of an image face is restricted. Then, subtree is dynamically made from the given tree for 
every small region, and it is possible in a small region to carry out ray tracing using subtree. 
Here, a primary beam of light (beam of light pursued from a viewpoint) is described. As a small 
region, if square regions or a rectangle region is taken, subtree will be made from the primitive 
which goes into the pyramid made from a viewpoint and the point of four corners of a field, or 
intersects a pyramid (the bunch of the beam of light in this pyramid is called light flux). If this 
production cost is high, it is disadvantageous, but the next consideration shows actually that it 
is low. 

[0025](b) Although a pyramid creation pyramid comprises four flat surfaces, it is not necessary 
to search for these flat surfaces for every small region. In the pyramid to the small region 
horizontally located in a line on the image face, a horizontal field (the 2nd page of the upper 
and lower sides are) turns into the flat surface common to any pyramid, and same (for 
example, HF Q , HF^ etc. of dr awi n g 4 ). In the small region perpendicularly located in a line, the 
same relation is materialized to a vertical field (VF QI VF , etc. of drawing 4 ). An adjoining field 
is sharable. By using half space of a plane normal line direction as the outside, and making an 
opposite hand into the inside can prescribe the inside of a pyramid to a meaning. Therefore, in 
the size of an image face, if the size of nxn and a small region is made into mxm, the number 
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of required flat surfaces will be set to 2 (n/m+1) on the whole. 

[0026](**) Give four flags to each node of a dynamic subtree creation tree. It is shown whether 
each flag corresponds to the field of a pyramid and there is any BV or primitive corresponding 
to a node inside a field, there is outside, or it crosses. [ any ] The flag of each node is set up for 
the first time from the wooden root node. This can be found in the intersection judging of 
drawing 2. this time - the inside of the field in a certain node - or if it becomes outside, flag 
setting out to the field concerned below that child node will become unnecessary. This is clear 
from the character which BV has. 

[0027] If image generation is subsequently performed in order of a horizontal small region in a 
small region, the flag to the level surface can be used in common to all the small regions 
horizontally located in a line. The flag setting out to vertical confrontation can exclude an 
unnecessary inside-and-outside judging by referring to the flag to the level surface. Drawing 2 
shows such processing. Subtree is constituted referring to these flags. That is, the subtree 
which consists only of BV and the primitive which intersect a pyramid or are contained in a 
pyramid is constituted. The optimization shown in drawing 7 is also performed at this time. 
Since the effect of **** works so that clearly from how to make, a subtree production cost can 
be held down low. The subtree creating method described here is applicable similarly to a 
secondary beam of light (reflection and refracted light). 

[0028]The primitive near [ sorting ] a viewpoint is projected on an image face, and even if BV 
which includes the primitive compares with BV which includes other primitives, it performs 
sorting by the distance from a viewpoint on each level of subtree based on the fact that it is 
closer to a viewpoint in many cases. That is, a child node will be rearranged into order with a 
near distance from a viewpoint, if BV and the beam of light of a certain node will cross and it 
will be necessary to perform an intersection judging to the child node. This is performed for 
every beam of light. 

[0029]lf each wooden level has performed sorting when performing tree search of depth 
direction priority, As shown in drawing 8, when the distance from the primitive viewpoint 
acquired by searching below for a certain child node is nearer than the distance from the 
viewpoint of BV set as the following child node, the search below the child node becomes 
unnecessary. Thus, **** using sorting is made. 

[0030]lf a binary tree is used, sorting of a child node requires only one comparison, and is very 
efficient. There is a reason for having used the binary tree here. 

[0031]What is necessary is just to perform that primitive rendering in this field, if it turns out by 
a certain method that the inside of the uniformity test small region in a sma l l region is the same 
primitive projection image. The effect which means that it becomes unnecessary in a field 
looking this for a tree, and is given to improvement in the speed is large. It is required that this 
test should be as simple as possible. 
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[0032]Here, the easy following testing methods are performed. Ray tracing is carried out to the 
point of four corners of a small region. Sorting is carried out with the beam of light which 
pursued subtree to the 4th m this stage. Now, suppose that the primitive of the point of four 
corners was the same. It is set to P. What is necessary is just to investigate that other 
primitives cannot be found from the primitive P in a small region at the place near a viewpoint 
at this time. Subtree is searched by Left-most Depth-First, and the primitive Q is found. Q is at 
a wooden leftmost end. The method of wooden composition to Q is closer to a viewpoint than 
P. If P and Q are not the same, this field will presuppose that it is not uniform. P and Q 
presuppose that it was the same. The younger brother node of P is investigated at this time. A 
younger brother node is in a primitive or the paddle gap to which BV is set. It is set to R. R 
investigates whether the beam of light pursued to the 4th is intersected. This should just see a 
flag. If it crosses, the inside of a field is uniform. Otherwise, suppose that it is not uniform. 
[0033]Although the judgment that this test is certainly uniform when uniform in a field is not 
given, it is judged with the inside of a field being uniform, and solves, and it is guaranteed that 
other primitives cannot be found before the primitive P. The example is shown in drawing 9 
and draw i ng 10 . Although drawing 9 (example in which it judges that a) is not uniform, and said 
(b) is originally uniform, it is an example judge that is not uniform. It is an example judge that is 
[ drawing 10 ] uniform. In the case of drawing 10, there is no another primitive in a primitive 
front face, but since the portion which is not primitive is in a small region, it will pursue using 
subtree to the portion. When there is no PURIMIDIBU in four comers, conditions no primitive to 
be into a field are that subtree is empty. 

[0034]When the inside of a field is not uniform, a field is divided into two and a uniformity test is 
done. In the range which is not less than a threshold, area size repeats this recursively. 
[0035]The light flux which passes through the rectangular area of the pursuit screen of 
reflection and a r efracted-light bunch can be expressed with a truncated pyramid, and can 
apply the technique described so far. However, it is difficult to describe correctly general 
reflection and refracted-light bunch. Here, ** reflection and a refracted-light bunch are 
approximated, and it asks for the bounding volume (hereafter referred to as PBV) of the 
approximate light flux containing it. 
** To approximate PBV, ask for subtree and test uniformity. 

** When it is contained in approximation PBV calculated by ** to each reflection and refracted 
ray, or no is investigated and it is contained, use the result obtained by **. 
An approach to say is taken. Becoming a problem here is the point how to calculate 
approximation PBV. 

[0036]When **** of light flux is small, Paraxial approximation as approximation of reflection and 
refraction. The effective thing is known (Shinya.). M. - Takahashi T., Naito S.: "Principesand 
Applications of Pencil Tracing", Comput.Graphics, Vol.21, No.4, pp.45-54, and Jul.1987. Then, 
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approximation PBV will be calculated using paraxial approximation. 

[0037]According to paraxial theory, the paraxial light flux which emitted one point (for example, 
viewpoint) has the two focal lines, and the direction of the focal line intersects perpendicularly. 
That is, paraxial light flux is described as a field surrounded by the group of two flat surfaces 
which has a nodal line which intersects perpendicularly mutually, as shown in drawing 1 1 . 
Therefore, it is rational to use this field as approximation of light flux. However, not ideal 
approximation light flux but many beams of light will protrude actual light flux outside the field 
of approximation light flux (drawing 12 (a)). Then, it considers calculating PBV of 
approximation light flux based on the beam of light of four corners of light flux. Although a 
majority of this way of asking exists, easy methods include the technique of making the biggest 
angle ****** of PBV among the deflection angles of the beam of light of four corners. In the two- 
dimensional example shown in dra w ing 12 (a), since it is |theta1|>|theta2|, PBV like drawing 12 
(b) is obtained. Specifically, approximation beam-of-light PBV is calculated in the following 
procedures. 

[0038]** Ask for reflection and the refracted ray i of the beam of light corresponding to four 
corners of a screen small region from a Snell rule. 

** Take the average of four obtained beams of light, and consider it as an axial beam of light. 
** Calculate suitable beam-of-light coordinates x-y-z which sets z-axis as an axial beam of 
light. However, the starting point is taken so that the thing of most this side may be set to z= 0 
among the starting points of four beams of light. 

** Change the starting point and the direction of four beams of light into a beam-of-light 

coordinate system, and ask for intersection r.= (r ., r .) with the field of z= 0, and direction S.= 
J i xi yi i 

(S. x , S. y ) = (dx/dz) (., . (dy/dz)). 

** r =max (r .), r . =min (r .), r =max (r .), r . =min (r .) and s =max (Is .I), and 
xmax v xi" xmin v xr ymax v yi" ymin v yi 7 xmax Vl xr ' 

s ymgx =max (|s y .|) are calculated. 

** Four flat surfaces to search for are given with a following formula. 
[Equation 3] 

x- s xmax * Z= r imax 

X+ S xm.x* Z= r imin 

y+ s ym ax*Z=r jmin 

Although how to take x and the y-axis is arbitrary, it is efficient to take in accordance with the 
direction of the focal line. 

[0039]This approximation PBV creating method is the simplest, and can consider various 
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modification. The following can be considered as the example. 

** It is possible not only the beam of light of four corners but to ask for reflection and the 
refracted ray of the beam of light corresponding to all the pixels, and to bound these by the 
same technique. It is guaranteed that all the beams of light which should be pursued by this 
are contained in PBV. 

** In this PBV, when converging after light flux's reflecting, include useless space (drawing 13 
(a)). Therefore, it bounds by two Kon bunch light bunches as shown in drawing 13 (b) about 
convergence luminous flux. 

[0040]lf a small region is uniform, subtree is made from a point of four corners by PBV which 

expects a light source, and a shadow is tested. If it is a parallel ray, PBV serves as a square 

pillar. Since it is not dependent on a place and the **** vector of each field which constitutes a 

square pillar becomes anywhere fixed, the cost which makes a square pillar is small. 

[0041]Next, the following algorithms are prepared and the high speed effect of this invention is 

shown. The algorithm of A is premised on use of a binary tree structure below. 

A1 : Only BV is used. 

A2 : BV and sorting are used. 

A2': Use subtree and BV. 

A3 : subtree, BV, and sorting are used. 

A4 : all are used. (A3+1 Mr. nature test) 

The technique of Arvo is used as a comparative object. 

B1 : Algorithm of Arvo [0042]The example of the effect of improvement in the speed is shown 
about the following five kinds of data. 

1) Arrange the ball of a fixed radius in in space regularly. The ball of two kinds of radii is 
prepared. (Two kinds) 

2) Arrange at random the ball which has a random radius in space. (One kind) 

3) One piece and eight teapots (two kinds) 

[0043]The example of image generation is shown in drawing 14 thru/or drawing 18. The pixel 
number of the generated picture is 512x512. The small region is based on the size of 8x8. 
Drawing 14 thru/or the primitive total of drawing 16 are 512, and it of drawing 17 and draw ing 
18 is 522-4416, respectively. BV is using the rectangular parallelepiped in alignment with an 
axis. 

[0044]lmage generation time and the number of times of an intersection judging are shown in 
Table 1 and Table 2. 
[Table 1] 
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[0045]This result shows the high speed effect of the algorithm of this invention as follows. 
In (a) , algorithm A4 generates a picture most any data for a short time. Even if it compares B1 
with A3, there is less image generation time of A3 than B1 . 

(b) The effect which subtree contributes to improvement in the speed from comparison of A1 
and A2' is very high. This is an effect acquired from the intersection decision circuits of A2' 
decreasing in number remarkably, as shown in Table 2. 

(c) Depend for the effect of the uniformity test of a field on a primitive size. Like drawing 15, 
even when there are few uniformity fields, there is the high speed effect. 

(d) In A2, as it turns out that BV is compared with a primitive intersection decision circuit, there 
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is very little backtracking at the time of tree search, and by using sorting shows things. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



MEANS 

[Means for Solving the Problem]To achieve the above objects, in a method of generating a 
picture, while claim 1 pursues a beam of light toward the direction of objective from a viewpoint 
and asking for objective luminosity, Subtree which consists of an object projected on this small 
region is dynamically created for every small region of an image face using object definition 
data hierarchized by tree structure, and ray tracing is performed using this subtree. 
[0009]An invention of claim 2 rearranges dynamically into order with a near distance from a 
viewpoint bounding volume set as each node of subtree to a beam of light to pursue, and 
searches for subtree in order with this near distance. 

[0010]An invention of claim 3 omits search of subtree in this small region, when an object 
projected on a small region judges whether it is occupied by the same object and occupied by 
the same object. 

[001 1]About reflection and a refracted ray, an invention of claim 4 makes **** or a cone which 
includes a large majority of a beam of light reflected and refracted from this small region for 
every small region, creates dynamically subtree which consists of an object contained in this 
pyramid or a cone, and performs ray tracing using this subtree. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



OPERATION 

[Function]ln this invention, by making subtree from the object definition data of the given tree 
structure dynamically, and making the wooden depth shallow, the number of objects projected 
on the small region of an image face (screen) decreases, and can reduce the number of times 
of an intersection judging. By adding the uniformity test of the object in sorting by the distance 
from the viewpoint in each node level of subtree, and a small region, narrowing down of the 
candidate objects which intersect a beam of light can be performed very efficiently, and high 
speed processing becomes possible further. About reflection and the refracted light, not only a 
primary beam of light but the picture of ray tracing by reflection and the refracted light is 
simultaneously generated by making subtree further for every small region, and performing ray 
tracing using this subtree. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior ArtJIf the image generation method by the ray-tracing method pursues 
a beam of light toward the direction of objective from a viewpoint and a beam of light intersects 
an object, it will be the technique of projecting on an image face (screen) in quest of the 
luminosity of the object in the point, and generating a picture, but the problem is that 
calculation takes most time. The greater part of this computation time is spent on the 
intersection judging of a beam of light and an object. Therefore, the proposal of the data 
structure and algorithm which aimed at reduction of the number of times of an intersection 
judging is performed. 

[0003]There is essence of improvement in the speed of a ray-tracing algorithm in asking for the 
object projected on the pixel efficiently from each pixel of an image face, if it attaches. Various 
high speed techniques have been proposed from before for the purpose of it. If the 
conventional technique is classified, it will roughly be divided into use of the formation of ** 
data hierarchy, and Boundind Volume (BV), and use of **Ray coherency. 
[0004]The method of aiming at reduction of the number of times of an intersection judging by 
hierarchization of object definition data and use of BV is known well. The hierarchization using 
Octree or a ConstructiveSolid Geometry (CSG) model is the example. Necessity is accepted to 
each node of the tree hierarchized in these models in BV which includes all object RIMITIBU of 
the leaf node which serves as posterity of the node, and it is setting-out ****. The number of 
times of intersection calculation is substantially reducible by performing an intersection judging 
to these BV(s). Based on the fact "the number of the beams of light which intersect an object, 
so that volume of BV is made small decreases", examination which calculates efficiently BV to 
which volume becomes as small as possible is performed. 

[0005]On the other hand, Arvo and others classifies a beam of light according to a viewpoint 
and a direction, and the grouping of the similar beam of light is carried out, By asking for the 
candidate of the object which carries out an intersection judging by asking for the candidate of 
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the object which intersects those beams of light. The number of candidates of the object which 
carries out an intersection judging. The technique to reduce is proposed (Arvo J., Kirk D.: "Fast 
Ray Tracing by ray Classification", Comput.Graphics, Vol.21. No.4, pp.55-64, Jul. 1987). Since 
this method can perform judgment of candidate objects efficiently, its high speed effect of the 
ray tracing method is large. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 

[Industrial Application]This invention starts the field of the image generation by the ray-tracing 
method, and relates to the high speed processing method of the ray tracing method in detail. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL PROBLEM 

[Problem(s) to be Solved by the lnvention]Although any method of the above of the high speed 
effect is large, it is necessary to realize still more nearly high-speed processing. Since the 
conventional technique was performing ray tracing, using the hierarchized tree structure as it 
is, it needs intersection judging calculation of the wooden depth at least, and had become a 
narrow path of this computational complexity reduction. 

[0007]ln the method of generating a picture, the purpose of this invention has the high speed 
effect in providing the very high ray-tracing method, pursuing a beam of light and asking for 
objective luminosity. 



[Translation done.] 
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